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FOREWORD 


Aaiong  the  responsibilities  assigned  to  the  Office  of  the  Manager,  National 
Conmunl cations  System,  Is  the  management  of  the  Federal  Telecommunication 
Standards  Program.  Under  this  program,  the  NCS,  with  the  assistance  of  the 
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the  International  Organization  for  Standardization,  and  the  International 
Telegraph  and  Telephone  Consultative  Committee  of  the  International 
Telecommunication  Union.  This  Technical  Information  Bulletin  presents  an 
overview  of  an  effort  which  Is  contributing  to  the  development  of  compatible 
Federal,  national,  and  International  standards  In  the  area  of  digital 
facsimile  standards.  It  has  been  prepared  to  Inform  Interested  Federal 
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A.  Image  Scanning  and  writing  System 


1.0  INTRODPCTION 

This  document  summarizes  work  performed  by  Delta  Information 
Systems,  Inc.  for  the  office  of  Technology  and  Standards  of  the 
National  Communications  System,  an  organizaiton  of  the  U.S. 
Government,  under  Modification  P00004  to  Contract  DCA100-80-C-0042. 
The  Office  of  Technology  and  Standards,  headed  by  National 
Communications  System  Assistant  Manager  Marshall  L.  Cain,  is 
responsible  for  the  management  of  the  Federal  Telecommunications 
Standards  Program,  which  develops  telecommunication  standards 
whose  use  is  mandatory  by  all  Federal  agencies. 

Under  the  basic  contract  DCA100-8Q-C-Q042  Delta  Information 
Systems  has  analyzed  alternative  resolutions  for  Group  4  facsimile. 
The  final  report  for  this  study  was  issued  in  August  1982.  As 
part  of  this  investigation  four  test  documents  were  scanned  with 
five  candidate  resolutions,  and  the  results  of  all  twenty  scans 
were  printed.  The  test  documents  and  resolutions  used  in  this 
study  are  listed  below. 

Test  Images  Resolutions 

CCITT  Image  No.  1  200  lines/inch 

CCITT  Image  No.  5  240  lines/inch 

CCITT  Image  No.  7  300  lines/inch 

Legibility  Test  Chart  400  lines/ inch 

480  lines/ inch 

After  these  20  images  were  scanned  considerable  interest 
was  expressed  by  the  facsimile  technical  community  in  obtaining 
copies  of  the  scanned  data  on  magnetic  tape.  The  NCS  is  planning 
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to  make  those  tapss  available.  * 


The  purpose  of  this  users  manual  is  to  explain  the  back¬ 
ground  of  the  tapes  and  to  describe  the  format  of  the  scanned 
data  on  the  tapes.  A  brief  description  of  the  major  sections 
in  the  manual  is  provided  below. 

Sections 

2.0  Test  Documents  -  a  description  of  the  four  test  documents. 

3.0  Image  Scanning  -  a  description  of  the  parameters  and 
procedures  used  in  scanning  the  test  documents. 

4.0  Format  of  Binary  Image/Tape  -  One  tape  contains  the 
scanned  data  for  all  20  images  where  each  pel  is 
quantized  to  either  black  or  white.  This  section 
describes  the  format,  of  the  images  and  the  data  on  the 
tape. 

5.0  Format  of  8-bit  Image/Tape- Sight  tapes  contain  the 

scanned  data  for  all  20  images  where  each  pel  is  coded 
with  8  bit/pel  precision.  This  section  describes  the 
format  of  the  images  and  the  data  on  the  tape. 

6.0  Sample  Printed  Images  -  The  five  different  resolution 
images  for  CCI7T  document  No.  1  have  been  printed  out, 
an';  copies  are  included  in  this  section. 

*  Copies  of  the  image  tapes  may  be  obtained  from: 

Dennis  Bodson 
NCS 

Attention  NCS-TS 
Washington,  D.C.  20305 


Phone:  (202)  692-2124 
Telex:  908-041-BAX. 


2.0  SELECTION  OF  TEST  DOCUMENTS 

Four  images  were  selected  to  be  used  as  test  documents  in 
the  subject  program.  Three  o£  the  pages  were  chosen  from  the 
8  standard  CCITT  test  documents  shown  in  Figure  2-1.  It  is  ad¬ 
vantageous  to  use  CCITT  test  documents  because  the  teat  results 
may  be  readily  compared  with  other  data  developed  by  facsimile 
investigators.  The  three  CCITT  documents  selected  are  listed 
below.  The  selections  of  these  test  documents  were  reviewed  with 
the  TR-29  Facsimile  committee  of  the  EIA  to  insure  they  agreed 
with  the  choice. 


CCITT  NO. 

Name 

Fiqure  No. 

1 

English  Letter 

2-2 

5 

French  Text  Figures 

2-3 

7 

Kanji 

2-4 

Documents  1,  5,  and  7  are  representative  of  a  wide  range  of 
detail  which  is  likely  to  be  encountered  in  facsimile  systems. 
Pages  1  and  7  are  representative  of  documents  which  contain  re¬ 
latively  small  and  large  amounts  of  information  respectively. 

Image  5  contains  an  intermediate  amount  of  detail.  Document  4  is 
also  commonly  used  in  studies  of  this  type.  The  test  results  for 
documents  4  and  7  are  usually  very  similar. 

A  new  test  chart  was  developed  on  this  project  to  permit  the 
quantitative  measurement  of  image  legibility.  The  test  chart  was 
first  prepared  as  an  offset  plate.  This  plate  was  used  to  print 
a  number  of  high  quality  test  images.  One  of  these  offset  prints 
was  scanned  as  part  of  this  resolution  project.  A  copy  of 
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lor  Data  Compression  Analysts 


THE  SLEREXE  COMPANY  LIMITED 

SAPORS  LANE  -  BOOLE  •  DORSET  -  BBS  SEE 
1UNN  MU  (MS  D)  51617  •  OB  123496 


Our  Raf.  350/PJC/EAC  18ch  January,  1972. 


Dr.  P.E.  Cundall, 
Mining  Surveys  Ltd. , 
Holroyd  Bead, 
Raiding, 

Barks. 


Daar  Pate, 

Permit  me  to  introduce  you  to  the  facility  of  facsiodla 
transmission. 

In  facsimile  a  photocell  is  caused  to  perform  a  raster  scan  over 
the  subject  copy.  The  variations  of  print  density  on  the  document 
cause  the  photocell  to  generate  an  analogous  electrical  video  signal. 
This  signal  is  used  to  modulate  a  carrier,  which  is  transmitted  to  a 
remote  destination  over  a  radio  or  cable  coemunications  link. 

At  the  remote  terminal,  demodulation  reconstructs  the  video 
signal,  which  is  used  to  modulate  the  density  of  print  produced  by  a 
printing  device.  This  device  is  scanning  in  a  raster  scan  synchronised 
with  that  at  the  transmitting  terminal.  As  a  result,  a  facsimile 
copy  of  the  subject  document  is  produced. 

Probably  you  have  uses  for  this  facility  in  your  organisation. 

Tours  sincerely, 

■m. 

P.J.  CROSS 

Group  Leader  -  Facsimile  Research 


Figure  2-2 
CCITT  IMAGE  NO.  1 


Cate  at  dautant  plus  valablt  qua  T  Sf  eat  plua 
grand.  A  oat  dgard  la  figure  2  reprdsenca  la  vraia  courbe 
dcenant  ld(/)|  «  fonction  4$/pour  tes  valeurs  numd- 
nqua  indiquda  page  prdcddentc. 


Dans  ce  css,  le  fiitra  adaptd  pourra  itre  constitud, 
conform^ men t  4  la  figure  5,  par  la  caacada  : 

—  d’un  filtre  passe- bande  da  tranafert  unite  pour 
/«  </</0  +  A/  et  de  transfen  quasi  nul  pour 
/  </•  at/  >  /o  +  A/,  filtre  ne modifiant  pas  la  phase 
da  composanu  le  traversant  ; 


—  filtre  suivi  d’unc  ligne  4  retard  (LAR)  diaper' 
live  ayant  un  temps  de  propagation  da  groups  T„ 
ddcroissant  lindairemem  avac  la  fidquanct  /  suivant 
1’ expression  : 


ligne  4  retard  eat  donade  par  : 

p--2* 


Et  cetta  phase  eat  biea  I’opposd  de  /dCO. 

4  un  rldphasage  constant  prds  (sans  importance) 
a  4  un  retard  T,  prds  (inevitable). 

Un  signal  utile  S(t)  traversant  un  tel  Ultra  adaptd 
donne  4  la  sortie  (4  un  retard  T0  prds  et  4  un  ddpha> 
sage  prds  de  la  porteuse)  un  signal  dont  la  traitsformde 
de  Fourier  at  rdeile,  constants  entre  /,  et  /0+ d/. 
et  nuiie  de  part  et  d’autze  de  /i  et  de  /, + V".  e’est- 
4-dira  un  signal  de  frdquence  porteuse  /0+A/72  et 
dont  I'envrioppe  a  la  forme  indiquda  4  la  figure  5, 
oh  Ton  a  rsprdmntd  simultandmsnt  le  signal  Sfr) 
a  le  signal  S,(f)  cor  respondent  obtenu  4  la  sortie 
du  filtre  adaptd.  On  comprcnd  le  nom  de  fdoepteur 
4  compression  d' impulsion  donnd  4  ce  genre  de 
filtre  adaptd  :  la  «  largaur  »  (4  3  dB)  du  signal  com* 
primd  riant  dgale  4  l/Af,  le  rapport  de  compression 

est  de  JL  .  TSf 
1/A/ 


TV-T* +(/.-*/)  7-  (avec  T,  >  T) 
A T 


(voir  fig.  4). 


On  saisit  physiquement  le  phdnomdne  de  com* 
pteaaion  an  rdalisam  qua  ionque  le  signel  S(r )  entre 
dans  la  ligne  4  retard  (LAR)  la  frdquence  qui  antra 
la  premiers  4  1‘ instant  0  at  la  frdquence  beam  /„ 
qui  met  un  temps  F,  pour  traverser.  La  frdquence  / 


antra  4  I'instant  t  -  (/  -/#)  —  et  rile  met  un  temps 


7e-(/ -/«)  —  pour  traverser,  ce  qui  la  fait  resaortir 
of 

4  I’instant  7*.  dealement.  Ainu  done,  le  sienal  .Vr> 


Figure  2-3 

CCITT  Document  No.  5 
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Figure  2-4 
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these  same  offset  prints  is  included  as  Figure  2-5.  The 
legibility  chart  consists  of  two  parts.  The  top  half  of  the 
test  chart  is  divided  into  five  parts  each  assigned  a  different 
size  or  point  of  text.  Four  lines  of  text  are  included  for 
each  point.  Each  line  contain^  randan  text  including  numbers,  upper 
case,  and  lower  case  characters.  The  text  is  organized  in 
groups  of  five  characters  with  a  single  space  between  the  five 
character  groups.  Each  of  the  four  lines  is  a  different  type 
font.  The  four  fonts  are  Helvetica,  Times  Roman,  American  Type¬ 
writer,  and  Bodoni  Bold. 

The  bottom  half  of  the  test  chart  is  devoted  to  half-tone 
imagery.  Five  different  half-tone  screen  densities  are  included  - 
65,  85,  120,  133,  and  ISO  lines/inch.  Each  of  the  five  half-tone 
test  areas  is  divided  into  two  parts.  The  right  side  is  a  half¬ 
tone  of  a  typical  scene.  The  left  side  is  a  uniform  half-tone 
designed  to  illustrate  beat  patterns  which  may  appear  when  the 
image  is  scanned.  The  five  different  half-tone*  screen  densities 
are  included  to  represent  different  input  material  ranging  from 
newspapers  to  high  quality  magazines. 
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133  Line  Screen 


150  Line  Screen 


3.0  IMAGE  SCANNING 


The  four  images  described  in  Motion  2.0  were  each  scanned 
with  five  different  resolutions  to  provide  a  total  of  twenty 
separate  files  of  scanned  inages  on  magnetic  tape.  The  Scanning 
process  was  performed  by  the  Applied  Physics  Laboratory  of  Johns 
Hopkins  University.  The  scanning  equipment,  described  in  detail 
in  Appendix  A,  was  manufactured  by  Optronics  International,  Inc. 
and  is  designated  as  Model  P-1700. 

The  P-1700  scanning  equipment  is  a  highly  precise  device 
which  «q?loys  a  square  aperture  and  samples  the  images  in  a 
rectilinear  fashion;  i.e.  the  sampling  density  in  the  horizontal 
and  verical  directions  is  identical.  The  scanner  has  two  limitations 
which  constrained  the  scanning  procedure.  First,  the  maximum 
size  of  the  input  copy  to  be  scanned  is  10  inches  by  10  inches. 
Second,  the  number  of  spot  sized  which  are  available  is  limited. 

Due  to  theM  limitations,  all  input  images  were  photon 
graphically  reduced  prior  to  being  scanned.  Table  3-1  shows  the 
reduced  image  size  and  spot  size  for  each  scan. 

Table  3-1 

Scanning  Parameters 


Resolution 

Optical 

Size  of 

Scanned  j 

Reduction 

Scanned 

Image 

Spot  Size  1 

lines/inches 

Ratio 

In.  bv  In. 

>un 

200 

1.274 

6.67  X 

8.63 

100 

240 

2.117 

4.02  * 

5.20 

50 

300 

1.693 

5.02  x 

6.50 

50 

400 

1.274 

6.67  x 

8.63 

50 

480 

2.117 

4.02  x 

5.20 

25 

The  output  of  the  scanner  wee  to  en  8  bit  analog-to- 
digitel  converter  end  each  pixel  wee  etored  on  magnetic  tape. 
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4.0  FORMAT  OF  BINARY  IMAGE/TAPE 

All  twenty  images  are  recorded  on  one  reel  of  9-track 
tape/  2400  feet  in  length  at  a  recording  density  of  1600  BPI. 
Each  of  the  twenty  images  is  contained  in  a  separate  data 
file  on  the  tape.  The  files  are  recorded  in  the  following 
order: 


FILE 

DOCUMENT 

RESOLUTION 

1 

CCITT  1 

200 

2 

240 

3 

300 

4 

400 

S 

480 

6 

CCITT  5 

200 

7 

240 

8 

300 

9 

400 

10 

480 

11 

CCITT  7 

200 

12 

240 

13 

300 

14 

400 

15 

480 

16 

FAX  TEST  CHART 

200 

17 

240 

18 

300 

19 

400 

20 


480 


The  tape  ia  written  in  IBM  standard  format  with  standard 
labels  (EBCDIC)  for  each  file  and  fixed  length  blocked  records. 
(Each  image  is  preceded  and  followed  by  a  label  with  a  tape 
mark) .  Each  file  is  followed  by  a  tape  mark.  The  block  size 
for  each  physical  record  on  tape  is  given  in  Table  4-1.  Each 
block  con tains  four  or  weight  image  scan  lines  as  shown.  The 
number  of  pels/line  and  lines  per  image  are  also  given  in  the 
table.  The  upper  left  pel  of  each  image  is  the  most  significant 
bit  of  the  first  byte  of  each  file.  White  is  zero  and  black  is 


Table 


5.0  FORMAT  OF  8 -BIT  IMAGE  TAPE 

The  8-bit  images  are  recorded  on  a  total  of  eight  tapes , 
two  tapes  containing  all  resolutions  of  each  document  as 


shown  below: 
TAPE 


FILE 


DOCUMENT 
CCITT  1 


RESOLUTION 


CCITT  5 


CCITT  7 


FAX  TEST  CHART 
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These  tapes  are  also  recorded  at  1600  BPI  on  9- track, 
2400  reels  with  IBM  standard  labels  and  £ixed  length  records 
Each  scan  line  is  one  physical  record  (or  block)  on  tape  as 


shown  in  table  5-1.  The  remaining  data  is  similar  to  that 
described  in  the  previous  section  for  the  one-bit  tapes. 


Table  5-1 


6.0  SAMPLE  PRINTED  IMAGES 

All  o£  the  twenty  images  have  been  printed  to  verify  the 
integrity  of  the  data  on  the  tapes.  The  printouts  of  CCITT 
document  number  1  at  all  five  resolutions  are  included  in  this 
section  as  a  sample  of  the  printed  images  (Figures  6-1  through 
6-24) . 

The  scanned  data  has  been  printed  on  a  Versatec  V-80  printer 
having  a  resolution  of  200  pels/ inch.  A  black  border  has  been 
printed  around  the  image  to  indicate  the  exact  location  of  the 
edge  of  the  scanned  data  on  the  tape.  The  images  having  a 
resolution  greater  than  200  pels/ inch  are  printed  in  an  enlarged 

t 

format  since  they  were  all  printed  at  200  pels/ inch.  Table  6-1 
is  a  list  of  the  printouts  of  CCITT  document  number  1.  In  the 
case  of  Figures  6-18,  6-19,  6-22,  and  6-23  the  horizontal  black 
border  does  not  represent  the  edge  of  the  test  document.  Instead 
it  indicates  the  point  of  separation  between  two  computer  printouts 
in  the  middle  of  the  image. 


TABLE  6-1 


LIST 

OF  CCITT  DOCUMENT  NO. 

1  PRINTED  IMAGES 

Fiqure  Mo. 

Resolution 

Portion  of  Paqe 

6-1 

200  lpi 

Top 

6-2 

200  lpi 

Bottom 

6-3 

240  lpi 

Top 

6-4 

240  lpi 

Bottom 

6-5 

300  lpi 

Top- left 

6-6 

300  lpi 

Middle- left 

6-7 

300  lpi 

Bottom-left 

6-8 

300  lpi 

Top-r ight 

6-9 

300  lpi 

Middle-right 

6-10 

300  lpi 

Bottom-right 

6-11 

400  lpi 

Top-left 

6-12 

400  lpi 

Middle-left 

6-13 

400  lpi 

Bottom- left 

6-14 

400  lpi 

Top-r ight 

6-15 

400  lpi 

Middle-r ight 

6-16 

400  lpi 

Bottom-right 

6-17 

480  lpi 

Top-left 

6-18 

480  lpi 

Upper  Middle- left 

6-19 

480  lpi 

Lower  Middle-left 

6-20 

480  lpi 

Bottom- left 

6-21 

480  lpi 

Top-right 

6-22 

480  lpi 

Upper  Middle-right 

6-23 

480  lpi 

Lower  Middle-right 

6-24 

480  lpi 

Bottom-right 

6-2 
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This  signal  is  used  to  modulate  a  carrier,  which  is  transmitted  to 
remote  destination  over  a  radio  or  cable  cowsunications  link. 
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Dr.  P.N.  Cundall, 
Mining  Surveys  Ltd 
Holroyd  Road, 


Keaaing, 


Probably  you  have  uses  for  this  facility  in  your  organisation 
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Dr.  P.N.  Cundall, 
Mining  Surveys  Ltd. 
Holroyd  Road, 


Dear  Pete, 

Permit  me  to  introduce  you  to  the  facilit 
transmission. 
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Figure  6-14  400  lpi 
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Figure  6-17  480  lpi 
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In  facsimile  a  photocell  is 
the  subject  copy.  The  variation 
cause  the  photocell  to  generate. 
This  signal  is  used  to  mod_ulate_ 
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18th  January,  1972. 

Figure  6-21  680  lpi 
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APPENDIX  A 

IMAGE  SCANNING  AND  WRITING  SYSTEM 
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Tba  image  scanning  and  welting  system  provides  a  unique 
capability  within  iPL  for  tha  coapatar  processing  of  color  and 
black  and  whita  photographic  data.  A  photographic  iaaga  on  aithar 
fila  or  opaqna  papar  can  b*  scanned  and  digitized,  and  tha  resul¬ 
tant  data  than  written  cn  a  coapatar  storage  aadiaa  such  as 
aagnatic  tape  or  disk.  Conversely,  properly  foraattad  coapatar 
data  can  be  written  on  fila  (aithar  ordinary  silver  halide  fila 
or  Polaroid  fila)  to  construct  a  photographic  iaaga.  Coapatar 
processing  of  tha  data  provides  a  powerful  aaans  for  iaaga 
analysis,  aanipalation,  and  enhanceaent.  The  ccaputer  processing 
can  be  oerforaed  by  aithar  tha  POP- 11/70  or  tha  central  coapating 
systaa.  The  choice  depends  on  tha  characteristics  of  tha  proces¬ 
sing  to  be  performed.  Standard  iaaga  processing  progress  are 
available  now,  and  special  application  prograas  can  be  prepared 
on  request. 

The  systaa  uses  two  units  of  equipeent  purchased  froa 
Optronics  International,  Inc.  One  anit  (a  P-17C0)  scans  both 
black  and  white  (B/9)  and  color  iaages  and  also  writes  3/9 
iaages;  the  other  anit  (a  C-43CC)  writes  bota  B/9  and  color 
iaages,  bat  is  used  ordinarily  for  writing  only  color  iaages.  The 
P-1700  is  shown  in  Figure  3.  The  C-4300  (not  shown)  is  similar  to 
the  P-1700  bat  does  not  include  scanning  coaponents. 

Data  are  transmitted  between  the  PDP-11/70  and  the  scanning 
or  writing  device  as  eight-bit  bytes  at  a  rate  ot  28  kilobytes 
per  second.  Each  byte  represents  the  density  of  one  square  pic¬ 
ture  eleaent,  a  "pixel. "  Pixel  sizes  are  selectable  in  six 
geoaetrically  increasing  steps  froa  12.5  aicroaeters  to  400 
aicroaeters.  Sith  eight-bit  bytes,  256  density  levels  can  be 
represented.  For  scanning  operations,  one  nay  confidently  expect 
a  density  resolation  approaching  that  naaber.  For  writing  opera¬ 
tions,  64  repeatable  density  levels  for  B/9  and  32  for  each 
primary  color  can  be  achieved. 

Both  the  P-1700  and  the  C-4300  eaploy  electro- mechanical 
rotating  druas  for  scanning  and  writing.  Color  scan  and  color 
write  operations  are  perforaed  using  filters  for  the  three  (ad¬ 
ditive)  priaary  colors,  red,  green,  and  blae.  Color  operations, 
therefore,  require  three  passes  for  scanning  or  writing. 

Both  units  aceoaaodate  media  in  sizes  up  to  IC-in.  by  12- 
in.,  bat  the  Bazinas  usable  image  area  is  9-in.  by  9-in.  in  the 
P-1700  and  9-in.  by  10-in.  in  the  C-4300.  Fila  types  stocked  for 
the  image  writer  are  as  follows:  Linagraph  Shellburst  2474  (8/v, 
10-in.  by  10-ia.);  Ektachroae  SO-278,  eaulsion  equipeent  to  ST- 
160  aaateur  fila,  process  E-6  (color  transparency,  IC-in.  by 
10-in.) ;  and  Polacolor  2,  type  808  (fast  color  prints,  8-in.  by 
10-ia.) . 
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Scanning  Operations 

The  scanaiag  portion  cf  the  p-1700  (used  foe  both  B/i  and 
color)  consists  or  a  rotating,  horizontally  alignad  drum  end  a 
aovable  "C"  carriage.  One  ara  of  the  carriage  aoves  into  and  oat 
of  the  open-ended  drun  along  a  line  parallel  to  the  drua's  axis. 
The  other  ara  of  the  carriage,  rigid  with  respect  to  the  first 
ara.  is  located  outside  the  drun.  The  aediaa  to  be  scanned  is 
attached  to  the  periphery  of  the  drun  where  a  section  of  the  wall 
has  been  reaoved.  Drua  rotation  and  carriage  aoveaert  provide  the 
T  and  X  scanning  actions,  respectively. 

The  light  source  is  a  halogen-filled  incandescent  laap 
located  away  froa  the  carriage  area;  light  is  transaitted  froa 
the  source  to  the  carriage  area  by  aeans  of  fiber  optics  bundles. 
For  scanning  transparencies,  the  light  is  eaitted  froa  the  end  of 
the  ara  within  the  carriage  and  transaitted  through  the  trans¬ 
parency  to  a  photodetector  aounted  on  the  carriage  ara  outside 
the  drua.  For  scanning  opaque  aedia,  the  light  is  eaitted  froa 
the  carriage  ara  outside  the  drua  and  reflected  froa  the  aediua 
to  the  detector. 

Before  it  is  eaitted.  the  light  is  transaitted  through  an 
optical  systea  that  ensures  unifora  illuaination.  focusing,  and 
spot  size  selection.  Before  its  intensity  is  seasured  by  the 
densitoaeter  photodetector,  the  light  passes  through  an  imaging 
aperture.  Each  aeasureaent  defines  the  density  of  one  pixel.  The 
output  froa  the  photodetector  is  amplified  logarithaically 
(giving  a  selectable  density  range  of  0-2D  or  D-3D)  or  linearly 
(giving  a  transaittance  range  of  0  to  ICO  percent) . 

Around  the  circuaference  of  the  drua  (T  direction)  ,  the 
optical  density  is  aeasured  at  the  selected  pixel  interval.  After 
each  drua  revolution,  a  precision  lead  screw  and  stepping  aotor 
aove  the  "C"  carriage  axially  (in  the  X  direction]  by  the  raster 
width  (pixel  diaension)  until  the  entire  area  of  interest  has 
been  scanned.  Pixel  positional  accuracy  id  both  X  and  T  is  ±2 
aicroaetars  ras/ca.  Once  per  revolution,  the  densitoaeter  photo- 
detector  is  reset  to  an  optical  density  or  0  as  defined  by  the 
air  path  through  an  opening  in  the  drua,  or  froa  a  reflector  on 
the  drua  if  an  opaque  aediua  is  being  scanned. 

For  write  operations,  eight-bit  bytes  froa  the  coaputer  are 
converted  to  analog  signals,  which  aodulate  a  light  source  to 
expose  the  photosensitive  aediua.  The  P-1700  is  used  for  writing 
B/V  iaages,  and  the  C-U3C0  is  used  for  writing  color  iaages.  The 
writing  portion  of  each  device  includes  a  rotating  drua  to  which 
the  unexposed  aediaa  is  attached  in  a  darlcrooa.  The  drua  is 
enclosed  in  a  light-tight  cassette,  which  can  be  easily  attacned 
to  and  reaoved  froa  the  device  proper.  (A  slide  opening  on  fcae 
cassette  peraits  exposure  of  the  aediua  when  the  cassette  is 
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attached.)  The  optical  systea  that  writes  on  the  fiia  is  locatad 
on  a  carriage  under  the  cassette,  and  it  is  sored  by  the  saae 
precision  lead  screw  and  stepping  sotor  as  the  scanning  carriage. 

For  the  C-4300  (color  writing) ,  the  optical  systea  consists 
of  a  white* light  glow  crater  tube,  a  color- filter  select  assaa- 
bly,  a  selectable  aperture,  and  a  lens  systea  to  focus  the  bean 
onto  the  fila  plane.  The  fiila  is  exposed  at  every  selected  raster 
point  along  the  circuaf erence  of  the  drua  (7  direction)  by  pulse 
aodulation  of  the  light  beaa,  and  the  optical  carriage  is  stepped 
in  the  axial  (X)  direction  by  the  raster  width  after  each  revolu¬ 
tion  of  the  drua.  The  C-4300  is  capable  of  writing  up  to  32 
repeatable  density  levels  for  each  priaary  color  and  has  a 
dynamic  range  of  0-20. 

The  writing  portion  of  the  P-1700  (B/s  writing)  differs  froa 
the  C-4300  principally  in  that  a  red  light-eaitting  diode  is  used 
as  the  source,  rather  than  a  white-light  glow  crater  tube.  This 
difference  in  light  source  allows  B/w  iaagary  to  be  written  with 
greater  or  lesser  resolution  (smaller  or  larger  pixel  sizes) 
than  color  iaagary.  The  P-1700  is  capable  of  writing  up  to  64 
repeatable  density  levels  and  has  a  dynaaic  range  of  3-2. SO. 

Functional  characteristics  and  specifications  of  the  iaage 
processing  systea  are  summarized  in  Figure  4.  k  chart  of  the  scan 
and  write  tiaes  as  a  function  of  speciaen  size  (at  different 
resolutions)  is  given  in  Figure  5* 

Figure  4 

Iaage  Processing  Systea 


Operation  _  .. 

Pixel/H aster  Size 
-  in  m 

__  Range* 

Resolvable 
_  .  L*vel3 

SCANNING 

B  lac  it  &  Shite 
and  Color 
(P-1 700) 

12.  5,  25,  50, 

100,  200  0  4C0 

0-20  or  0-30 
or  0-100XT 

256 

WRITING 

Blade  &  Shite 
(P-1700) 

12.  5,  25,  50, 

100,  20C  &  400 

0-2.50 

6U 

WRITING 

Color 

25,  50,  100  &  200 

0-20 

32/Color 

*  0  (density)  ■  Log(IC)  CX(i)/Z(t)]f 
T  (transmittance)  ■  [I(t)/I(i)], 
where  I  (i)  *  incident  light  and 
I(t)  »  transaitted  light 


oa  ot 
SllONIU  NI  1WU 


Figure  5*  $ can  and  Writ*  Tiae*  A-6 


